The effect of elemental sulfur on some chemical soil properties and wheat grown was studied by two performing experiments, under high terrace soils of northern region of the Sudan. First experiment (incubation experiment) was executed to quantify the rates and application time of elemental sulfur to be applied in the field experiment. It consisted of five rates of elemental sulfur (0, 165, 330, 495 and 660 kg sulfur feddan -1 ) and five application times (2, 4, 6, 8 and 10 weeks). In the second experiment (field experiment), two wheat varieties (Wadi Elneel and Debeira), three sulfur rates (0 kg S feddan -1 , 495 kg S feddan -1 and 660 kg S feddan -1 ) and three application times (0, 5 and 7 weeks) were arranged in split plot design with four replications. Wheat varieties were assigned to the main plots and the combination of the rates and time application to the sub plots. Results obtained from the incubation experiment indicated differences in soil pH among treatments. Application of elemental sulfur decreased soil pH in each of the two experiments. The effect of elemental sulfur on wheat grain yield and the other studied yield components was not limited the Mohammed-Nour and Elfaki; ASRJ, 2(3): 1-10, 2019; Article no. ASRJ.53037 2 plant height and the 1000 seeds weight. The nitrogen content of the plant tissue was affected by the applied elemental sulfur. Application of 495 kg sulfur feddan -1 , 6 weeks before sowing gave the lowest soil pH (7.8) and the least available phosphorus compared to other treatments.
INTRODUCTION
Wheat (Triticum aestivum L.) is the second most important cereal crop in the Sudan after sorghum for human consumption. Wheat consumption in the Sudan has been sharply increased in the last few years due to population increase and rising per capita consumption [1] . The origin of wheat was in the Mediterranean and its cultivation in Sudan is concentrated in the Northern Region in the past but now the crop is grown in most agricultural schemes.
The Northern Region of Sudan has relatively good advantages for wheat production for its long winter season. There are three broad soil types recognized in the Northern Region of the Sudan: flooded plain, middle and high terrace soils. The high terrace soils are potential for the expansion of wheat production in Northern Sudan. The increasing population in the Sudan necessitates an increase in wheat production especially in somewhat problematic the high terrace soils for their large areas. Wheat productivity in high terrace soil is generally low and this may be attributed to the low chemical soil fertility, salinity, sodicity and adverse physical conditions. The availability of phosphorus (P) and micronutrient cations i.e. copper (Cu), zinc (Zn), manganese (Mn), iron (Fe) to plants is adversely affected by high calcium carbonate, high soil pH and high clay content. Generally, P deficiency widely occurs in arid climatic areas. Kaya et al. [2] reported that low availability of nutrients rather than their low content is one of the major factors for the widespread occurrence of plant nutrients deficiency in calcareous soils. The uptake of micronutrient cations and P by the plant is governed by numerous soil factors; among them are high soil pH and CaCO 3 content which are largely responsible for the low availability of these nutrients. The availability of P and micronutrient cations of soils can be increased through application of elemental S for its direct effect on soil pH, therefore, a field experiment was conducted at Dongola Research Station farm (DRSF), which is located in the high terrace soil to evaluate the effect of elemental S on P and micronutrient cations availability to wheat grown under such conditions. This study was carried out with the objectives; i) improve the availability of P for wheat grown under alkaline and calcareous high terrace soils of the Northern Region of Sudan. ii) specify the effect of elemental S application on wheat performance under the above-stated conditions.
MATERIALS AND METHODS
In this study, two experiments were conducted one under laboratory conditions and the other under field conditions at Dongola Research Station Farm (DRSF) -Sudan, to assess the effect of elemental sulfur on the availability of P and micronutrient cations. Soil samples were collected from DRSF at a depth of 0-20cm to represent the major areas of calcareous soils. Field examination for three random samples after air drying showed that the pH was moderately alkaline and that the soil matrix was calcareous.
Brief Description of the Studied Soil
The studied soil is known as "Akked" soil series which classified as: fine, mont, hyperthermic, fluventic, camborthids [3] has clay loam texture. It is calcareous, non-saline, and non-sodic, with low available P (2.8 mg P kg -1 ) and low in organic carbon (Table 1) .
Incubation experiment:
This experiment was conducted under laboratory conditions composite soil samples at depth of 0-20 cm were collected from DRSF to represent the calcareous soil in the region. A weight of 300 g composite soil samples were mixed with powder elemental S to obtain: 0, 165, 330, 495, and 660 kg S feddan -1 and then placed in a 100 mL plastic bottle.
The different treatments were moistened with 70 mL distilled water, and during the incubation the moisture content of soils was adjusted every 7 days, by adding distilled water equivalent to the loss of water. After 2, 4, 6, 8 and 10 weeks of incubation subsamples of each bottle were taken for the determination of soil pH, available P and micronutrient cations. These analyses were regularly carried out every 10 days afterwards. The experiment was laid out in a completely randomized design with four replications. and 660 kg S feddan -1 ) based on the results of the incubation experiment were used in this trial. The elemental S was incorporated into the top soil (0-20 cm). The application time of S was on 0, 5 and 7 weeks before sowing of wheat. Two wheat varieties (Wadi Elneel and Debeira) were selected for this trial. Split design with four replications was used to conduct this trial. Wheat varieties were assigned to main plots whereas the combination of levels and application time of S to the sub plots. All plots received 43 kg P 2 O 5 ha -1 and 86 kg N ha -1 in form of urea. The dose of N was splitted; the first dose was at sowing and the second with the third irrigation. Plot size was 14 m 2 . Sowing was in lines 0.2 m apart. Seed rate was 60 kg feddan -1 , and irrigation was carried out every seven days.
Soil Characterization
The following are brief general description of the chemical and physical procedures performed on the soil samples:
Soil pH: It was determined in the supernatant liquid of 1:5 (soils: water suspension), with exception of that of routine analysis (soil past).
Available P: The available P was determined following the [4] method which employs 1N NaHCO 3 at pH 8.5. The P was then determined by the [5] .
Total P: The total P was determined first by digestion 1g soil with concentrate acid then following [4] method the same procedure of available P.
Electrical conductivity: Saturated soil paste was firstly prepared by adding soil to a known quantity of water to paste consistency. Then the soil paste was extracted using a vacuum pump. The extract was read for electrical conductivity using an EC meter. The results were expressed as dS m -1 at 25°C.
Sodium Adsorption Ratio (SAR):
Sodium adsorption ratio was calculated by the following equation:
Calcium carbonate: A known weight of soil was treated with a standard HCl; the excess acid was titrated against a standard NaOH using phenolphthalein indicator. The result was expressed as a percentage according to Horváth et al. [6] .
Organic carbon: Oxidation of soil samples was carried out using 1 N potassium dichromate and sulphuric acid. The excess potassium dichromate was titrated with a standard ferrous ammonium sulfate according to Sys et al. [7] .
Total N: The total N was determined according to the modified micro-Kjeldahl method which recommended by ICARDA [8] . Pre-moistened soil digested with concentrated sulphuric acid. The digested soil sample was treated with 10 N for NaOH to liberate ammonia gas, which was received in 2% boric acid. The NH 4 thus received was obtained by titration with 0.01M
Cation exchange capacity (CEC):
The soil samples indexed with 1N sodium acetate (pH 8.2). Excess salt was washed with ethanol (95%). The adsorbed sodium by the sample was extracted with 1N ammonium acetate solution (pH = 7.0) and determined using recommended method by Elfaki [9] . .
Exchangeable sodium percentage (ESP):
The exchangeable sodium percentage was calculated by dividing the exchangeable Na by cation exchange capacity of the soil and then multiplied by 100 according to Levy and Shainberg [11] .
Mechanical analysis:
All results refer to oven dry soil. The soil was treated with HCl. The excess acid was neutralized by NaOH. The soil was saturated with Na ions using NaCl for 48 hours and dispersed with calgon. Fine and coarse sand fractions were obtained by wet sieving whereas the clay fraction was obtained by the petite method the silt was determined by difference. The fractions diameters are: coarse sand 0.2 -2.0 mm, fine sand 0.02 -0.2 mm, silt 0.002 -0.02 mm, clay less than 0.002 mm.
Hydraulic conductivity:
The saturated hydraulic conductivity was estimated by using constant head method technique [12] , based on the direct application of Darcy's equation:
Where:
Ks  saturated hydraulic conductivity. Q volume of water. L  length of soil column. A  cross-sectional area of the soil sample. t  time required for the volume of water Q to be discharged H head gradient.
Dry bulk density:
The dry bulk density was determined using natural soil clods and paraffin wax according to Campbell [13].
Plant Data
The following are brief description of the yield and yield components collected during and after the field experiment:
Plant height: Plant height (cm) at maturity was measured from the soil surface to the tip of the spike excluding the awns. Four readings were taken/plot and then the average plant height was calculated.
Number of spikes/m²: It was calculated from four meters within the net area and then converted to spikes/m².
Days to maturity:
It was taken when loss of green color formed 90% of plants occurred.
Biomass and grain yields:
At maturity, plants were cut at the ground level and tied into bundles and left to air dry, and then threshing was done mechanically and biomass and grain yields were then recorded. Seeds/spike: Number of grains of ten spikes which were randomly taken from the net area. Was counted and their average was calculated to give seeds/spikes.
seeds weight:
The weight of 1000 seed was expressed in grams.
Harvest index:
It was calculated as the ratio of the weight of grain yield (kg ha -1 ) to the total weight of the biomass (kg ha -1 ).
N tissue analysis:
The total plant N was determined according to the modified micro-Kjeldahl method [14] ; 0.5 g dried plant material was digested with concentrated sulphuric acid. The digested material was treated with 10N NaOH to liberate ammonia gas, which was received in 0.01M boric acid, which was then titrated using N/20 sulphuric acid. P tissue analysis: Plants were oven dried at 70ºC for 24 h. Samples were analyzed for total P using the Ammonium molybdate ammonium vanadate method, which mentioned by Amin [15] .
RESULTS AND DISCUSSION

Incubation Experiment
Soil pH: Soil pH decreased (P ≤ 0.01) with an increase the applied S and the incubation period. The highest value was 8.6 which was obtained by the control and the lowest pH value was 7.78 which was obtained by highest S level (660 kg S feddan -1 6 weeks) ( Table 2 ). Soil pH decreased during the oxidation of S and thus, unavailable forms of micronutrient cations and P were expected to be transformed to available forms for plant uptake. These findings were in support of the results obtained by Orman and Kaplan [16] who reported that 3 weeks after application of 200 mg kg -1 elemental S to calcareous sandy loam soil resulted in 0.18 unit decrease in soil pH. Also in a study on the effect of applications of elemental and S-containing waste on soil pH. Kaya et al. [2] reported that sulfur application resulted in a decreased in soil pH from 8.12 to 7.49 and the S containing waste resulted in a decrease of soil pH from 8.12 to 7.77, when 120 kg S ha -1 was applied. . In our study the P results were inconsistent and this might be associated with other factors that affect the P availability other than soil pH. On the another hand, as time of incubation increased, available P increased e.g. available P increased to 3 and 4.5 mg P kg -1 soil in 10 weeks and 4 weeks' time of incubation respectively, and this was probably due to dissolution of the carbonates.
Field Experiment
Plant height: Differences in plant height (P ≤ 0.05) were observed among treatments ( Table  5 ). The highest plant was 83.9 cm, which was obtained by (7 weeks* S3) and shortest plant was 77.5 cm which was obtained by (0 weeks* S4). The general observed trend was an increase plant height with increase in the level of applied S and incubation time. Similar results obtained by Dewal and Pareek [18] who reported that the plant height in wheat increased as the doses of S increased and reach their maximum height at 40 kg S ha -1 . However, these results were not in line with the findings of those researchers. The reason for this disagreement might be from the granular form of the applied elemental S, which needs more time to be oxidized and improve soil properties to improve the plant growth.
Numbers of spikes/m 2 :
There were no differences in the number of spikes/m 2 between treatments and cultivars. The highest number of spikes was 436 spikes/m 2 which was obtained by (7 weeks* S3) and (0 weeks* S0); while (7 weeks* S4) showed the lowest number of spikes 378 (Tables 4 and 5 ). Generally, it perceived that with increasing application time and S levels more spikes will be expected, however, data in (Table 6b ) did not prove this perception i.e. S3 gave more spikes/m 2 than S4 at 7 and 0 weeks of application time. Generally, Debeira gave more spike/m 2 than that of Wadi Elneel cultivars. Tables 4, 5 and 6b). In the present study the highest number of grains/spike was 43 which was obtained by (5 weeks* S3). Similar results were obtained by Sutaliya et al. [19] and Gupta et al. [20] who reported that the highest number of seeds per spike with 40 and 45 kg S ha -1 were applied as doses of S fertilizer.
Numbers of seeds/spike: There was no difference in the number of seeds/spikes between S treatments as well as interaction between cultivars and treatments (
Days to maturity:
The data in (Tables 4, 5 and 6b) showed that the effect of S, variety and their interaction on days to maturity of wheat was not significant. The probable reason may be attributed to similarity of varieties in their days to maturity 90 days for Debeira 95 for Wadi Elneel.
Thousand seeds weight:
The effect of S on the thousand grain weight of wheat was observed (p ≤ 0.05). The highest value was 38.58 g, which was obtained by 7 weeks* S4 and; the lowest value was 35.34 g, which was obtained by 0 weeks* S4 (Table 6 a,b). The effect of cultivars and interaction between cultivars treatments was not significant (Tables 4 and 6a ).
Grain yield:
The mean grain yield of the two wheat cultivars and their interactions with treatments showed no difference (Tables 4 and  6a ). Increase was found in yield with the increase in the application time and the levels of the S especially for Debeira. The main effect of S treatments on PH, BY, GY, SSW and N content was observed (p ≤ 0.05). Surprising enough the highest value was obtained by control 0 weeks* S0 and the lowest was obtained when applying 0 weeks* S4. (Table 5 ).
The present results are in conformity with [21] , who reported that wheat did not respond to S fertilization, at least for grain yield. However, the results obtain by Mo t io r e t al . [22] showed that cucumber grown in sandy calcareous soils amended with S at rates of 5000 and 10000 kg S ha -1 enhanced the nutrients uptake and increased crop yield and improved the fruit quality. Results obtained by Al-Abdulsalam and El-Garawany [23] showed that the highest grain yield was obtained from 500 kg S ha -1 application to Barley. Based on such findings it reveals that application of S has many advantages depending on crop and soil conditions under test.
Biological yield: Regarding the biomass content, differences were found between treatments. Surprisingly, the highest biomass value was obtained by the control. The interaction between varieties and S treatments was not significant (Table 3) . Similar results were obtained by Kaya et al. [2] who reported that the applications of elemental S did not have positive effect on plant growth. Contrasting to these results was obtained by Togay et al. [24] . In their study on the effect of S on optimum yields of cereals, they found that the application of inorganic S increased straw yield of cereals by 34%.
Harvest index:
The main effect of variety on harvest index (%) was observed (p ≤ 0.05). Wadi Elneel harvest index was 32.7% which is higher than that of Debeira 30.5%. The effect of S treatments and interaction between varieties and treatments was not observed. Contrasting results on the effect of S on yield components of wheat grown in Central Anatolia were found by Inal et al. [25] , who reported that the highest wheat harvest index was obtained by 20 kg S ha -1 and this might be attributed to the use of fine form of S and time application.
CONCLUSIONS
Elemental S in the incubation experiment decreased soil pH, and enhanced P availability. Whereas, application of 495 kg S feddan -1 , 6 weeks before sowing gave the best results on soil ECe, available P and pH compared to other treatments. Generally, utilization of S improved some chemical soil properties but did not increase wheat yields.
